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(g) Chloresteric polarizer and the manufacture thereof. 



(57) A broadband cholestfiric polarizer is described, as well as a method of manufactunng such a 
polarizer Said poiarizer comprises an optically active layer of a polymer matenal having a cholesteric 
onjer said maleriaJ being oriented so that the axis of the mdeojlar helix extends transverseiy to the 
layer' In accordance with the invention, the polarizer is characterized in that the pitch of the moleojlar 
heibc'in the layer is varied in such a manner that the difference between the rriaxjmum pitch and the 
minimum pitch is at least 100 nm. The opticaily active layers are preferably provided on subs^ates 
which bring about a conversion of circulariy polarized light into linearly polarized light. Three different 
methods of manufacturing such broadband polarizers are described. 
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The invention relates to a chdesteric polarizer comprising an optically active layer of a polymer material 
having a chofe^teric order, the materia] being oriented in such a manner that the axis of the molecular helix 
extends transversely to the layer. The invention also relates to methods of manufacturing such polarizers. The 
invention further relates to a lighting device comprising a socket for an electric light source, a reflector and 
such a cholesteric polarizer which is pref rat>ly pnDvided with a quarter-wave plate. 

Polarizers are used to convert unpolartzed light into polarized light Until now so-called 'sheet polarizers' 
have been used for this purpose. When said sheet polarizers are exposed to unpolarized light they transmit 
one of the two or thogonically linearly pofarized components of the light, while the other component is absortjed 
in the polarizer. Such polarizers have the drawback that under optimum conditions maximally only 50% of the 
quantity of inddent light is converted into polarized light Thus, this type of polarizers has a relatively low ef- 
ficiency. Another drawback relates to the absocptton of the untransmitted component This may give rise to 
considerable heating of the po/arizer. wtiich causes undesired changes in the polarization characteristic of the 
polarizer and. at high intensities of the inddent light, can even lead to destruction of the pdarizer. 

By means of cholesteric polarizers ft is possible to very efficiently convert unpdarized light into pdarized 
light Such polarizers comprise an optically active layer of a cholesteric (7.©. chiral nematic) material. In this 
type of liquid crystalline material the chraJ mdecules have a structure such that they spontaneously assume 
a spiraNike or helical structure. After such a moct ure has been provWed as a thin, optfcally actfve layer between 
two parallel substrates, said helical strixrture is oriented in such a manner that the axis of the helix extends 
transversely to the layer. A better orientation of the helix is obtained if the substrates are provided with so- 
called orientatton layers on the surfaces fadng each other. If this type of polarizer is irradiated with a beam 
of unpolarized light the part of the light which is 'compatible' with the (right-handed or left-handed) direction 
and pitch of the helbc is reflected, while the remainder d the light is transmitted. By means of a mirror, the 
•compatible' polarization of the reflected light can be reversed, after which said light which is now 'incom- 
patibly" polarized, can again be directed on to the polarizer. In this manner and using this type of polarizer, 
theoretically, 100% of the inddent unpoiarized light having a 'compatible' wavelength can be converted into 
circularly polarized light 

Such a cholesteric pdarizer is known from an artide by Maurer et ai.. entitled "Polarizing Color Filters 
Made From Cholesteric LC Silicones', from SID 90 Digests, 1990. pp. 110-113. In this artide a description is 
given of chdesteric pdarizers whose opticaily active layer consists of a polymer material having a cholesteric 
order on the basis of silicones. This layer is manufactured by orienting a mature of a chiral silicone monomer 
and a nematogenic silicone monomer between two substrates of glass, after which they are polymerized to 
the optically active layer by means of UV light The ratio between the two types of monomer in the polymer 
material governs the pitch of the mdeoiar helbc and the reflection wavelength {= colour of the reflection) as- 
sociated therewith. The ratio between the prtch p and the wavelength X is given by the formula X = 1 /2.{nVn-)p. 
where n' and n" are the extraordinary and the ordinary refractive index, respectively, of the pdymer material! 

An important drawback of the known chdesteric pdarizer is that the bandwidth AX of the polarized light 
is much smaller than the bandwidth of the visiWe spectrum. This bandwidth is determined by the formula AX 
- Xj\n/ft. where An = n'-n** represents the birefringence of the layer and n = (n>n-)/2 represents the average 
refractive index. The bandwidth in the visible portion of the light spectrum is governed predominantly by the 
birefringence of the cholesteric material. The possibilities d increasing said birefringence are relatively limited. 
In practice it has been found that An is smaller than 0.3. so that the associated bandwidth is smaller than 100 
nm. In general, the bandwidths have values ranging behveen 30 and 50 nm. This small bandwidth is problenv 
atjc for many applications. In practice, pdarizers having a bandwidth of at least 100 nm, and preferably 150 
nm and more are desired. In partioilar bandwidths which cover an important portion of the visible spectrum 
are very interesting for industrial applications. 

In the above-mentioned article this known problem is overcome by the use of pdarizers which are built 
up of a number of optically active layers having different reflection wavelengths. In this manner, a polarizer 
having a bandwidth of 300 nm can be obtained which covers substantially the entire visible portion of the spec- 
trum. However, this sdution has a number of important drawbacks. First the optical quality of cholesteric po- 
larizers consisting of more than one optically active layer deteriorates rapidly due to errors which are typical 
of chdestencs. Said errors are. in particular, so-called "focal-conicaJ-disdinations. 

• Grandjean'-disdinations and a loss of planar molecular order. Second, the thickness of such a composite 
pdarczer causes problems. As the thidcness of the individual layers must minimally be 6 microns such conv 
posite polanzers have a minimum thidcness of approximately 20 microns. At such thicknesses of the optical 
layer, the polarizer t>€comes excessrvely dependent on the viewing angle. 

It is an object of the inventwn to provide a pdarizer in which the above drawbadcs are overcome. The aim 
of the mvenlion is. more in partia;lar. to provide a pdarizer which is compact and of a simple construction 
and whidi can be manufactured in a simc-e manner. The bandwidth cf :he intended cdarizer should be larger 



than'thal of the known polarizers and should preferably comprise a substantial portion of the visible spectrum. 
The invention also aims at providing methods of manufacturing such polarizers in an efficient and cost- 
effective manner as well as lighting devices comprising such a polarizer. 

These and other objects of the invention are achieved by a polarizer of the type mentioned in the opening 
paragraph, which is characterized according to the invention in that the pitch of the molecular helix in the layer 
is varied in such a manner that the difference between the maximum pilch and the minimum pilch is at least 

100 nm. . . . u . .. 

In the known sing! chdesteric polarizers the pitch across the optically active layer is substantially con- 
slant. As the pitch in the optically active layer of the inventive polarizer varies, bandwidths of at least 160 nm 
can be realised. As will be explained hereinafter, polarizers having a bandwklth in excess of 250 nm have been 
manufactured whk:h bandwidth covers substantially the entire visible portion of the light spectrum (400-640 
nm). The bandwWth is sufffcient for many applications. As the inventive polarizer comprises only one optically 
active layer, the above-mentioned drawbacks of the known multilayer polarizer do not occur. 

In accordance with a preferred embodiment of the invention, the inventive polarizer is characterized in 
that the pitch of the nwlecular heloc increases substantially continuously from a minimum value at one surface 
of the layer to a maximum value at the other surface of the layer. By means of this particular configuration it 
is attained that the helical structure of the cholesteric material, viewed in the direction of the normal to the 
layer, changes gradually. This precludes the occurrence of material stresses in the optical layer and has a fa- 
vourable effect on the strength of sakJ layer. 

Another favourable embodiment of the polarizer according to the invention is characterized in that the poly- 
mer material forms a three-dimensional network. Optically active layers which consist of such a three- 
dimensional network are exceptionally strong. In practice they can suitably be used as self-supporting polar- 
ization films. That is. said optfcally active layers need not be provided wHh substrates. After the manufacture 
of such cholesteric polarizers the substrates which are necessary for the orientatton and polymerization can 
be removed. This has a favourable effect on the compactness of the polarizer. Further K has been found that 
this particular type of polarizer has the additional advantage that the temperature dependence of the polari- 
zation characteristic is extremely so>aII. 

A further interesting embodiment of the cholesteric pdariser in accondanMw.ith.the.inveBtion is charac- 
terized in that the optically active layer is present on a substrate of a stretdied synthetic resin filrrUhe-degree 
of stretching and the thfckness of the film being selected in such a manger thaUheopticafiie taxation of the 
film is approximately 0.25 times the wavelength of the band reflected during operatksn of the polariser. 

The light which is passed through a cholesteric polarizer is circularly polarized. For a number of applica- 
tions it is desirable that the emergent light fe linearly polarized instead of drculariy polarized. In that case, the 
polariser in acconjance with the last-mentioned preferred embodiment is provided on a substrate of stretched 
synthetic resin film. Since the substrate is stretched in-plane in one direction, the refractive indices in said 
direction and in the in-plane direction perpendfcularly to the direction of stretching are different The refractive 
index difference and the thfckness of the film can be selected in such a manner that the product of these quan- 
tities (optical retardation) corresponds substantially to 0.25 times the wavelength of the (centre of the) band- 
width reflected by the polariser. As a result, this substrate serves as a quarter-wave plate which converts cir- 
cularly polarized light into linearly polarized light The synthetic resin film may be manufactured of. for example, 
polyethylene terephthalate. polycarbonate, polyethylene ketone or polypropylene. 

If the inventive polariser is constructed as a self-supporting layer, said layer can be directly provided on 
such a substrate of stretched synthetic resin film, which substrate can serve as an additional support for the 
polariser. Since such a polariser does not have to be provided with separate substrates, a compact 'linear po- 
lariser* is obtained in this manner. It is alternatively possible, however, that the stretched synthetic resin film 
already serves as a substrate in the manufacture of the optkally active layer. This benefits the ease of man- 
ufacture. 

A further interesting embodiment of the cholesteric polariser in accordance with the invention is charac- 
terized in that the optically actwe layer is present on a substrate of two stretched synthetic resin films of dif- 
ferent composition, the directions of stretching of both films extending substantially transversely to each other, 
and the degree of stretching of both films being selected in such a manner that due to the difference in dis- 
persfon between the f ilms, the nett retardatfen of the substrate s substantially equal to 0.25 times the wave- 
length over a substantial portion of the reflected bandwidth of the polariser. 

By means of this embodiment it can be achieved that for a substantial portion of the reflected bandwidth 
the optical retardation is substantially equal to 0.25 times the wavelength. When a single stretched synthetic 
resin film is used, the optical retardation remains the same over the entire bandwidth. As a resulu the conver- 
sion from drculariy polarized light into linearly polarized light is not optimal over the entir bandwidth. This is 
a disadvantage, particularly, in broadband polarisers. 
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process. The use of said two types of react Ke monomer a In a mixture offers the advantage of improved mixino 
of these monomers. Very good results are obtained with monomer mixtures in which one monomer has one 
acryfate grxxjp and the other monomer has two acrylate groups. 

Photopolymerization takes place by means of act ink: radiati n. This is to be understood to mean irradiation 
with light, preferably U\'-light X-rays, gamma rays or irradiation with high-energy partides, such as electrons 
or ions. Polymerization can be carried out in several ways. For examp/ . by means of a coherent radiation 
source (laser) a periodical variation of the pitch of the molecular helix can be obtained. Constructive and de- 
structive interference is used to form an interference pattern in the optically acth^e layer, so that during the 
polymerization operation a periodical variation of the light intensity straight through the layer occurs. 

A simpler polymerization method is obtained if a non-coherent radiation source is used whose wavelength 
is chosen to lie in the range where the maximum of the sum of the absorptions of the nwnomers used and the 
photoinitiator is found. In this case a relatively large gradient of the Bght intensity across the optically active 
layer can be obtained without taking additional measures. . 

A very convenient method Is characterized according to the invention in that the mixture also comprises 
a dye having an absorption maximum whose wavelength corresponds substantially to the wavelength of the 
actinic radiation used. An important advantage of this method is that it offers great freedom as regards the 
choice of the layer thidcness, the photoinitiation system, the pdymerizatton wavelength and the polymerization 
rate. As the quantrty of dye can be selected at will within certain limits, independent of the other components 
of the mbcture to be polymerized, the (linear) intensity gradient of the radiation across the optically active layer 
can be adjusted very accurately via the concentration of the dye. Preferably, a dye is used whose absorption 
maximum lies outside the wavelength range in which the polarizer must operate. In this manner, undesired 
absorptions during the use of the finished polarizer are precluded. 

A third interesting method of manufacturing the inventive pdariser Is characterized in that a surface of an 
optically active layer of polymerised liquid crystalline material having a chdesteric order is provided with a film 
of reactive monomers which cause a concentration gradient in the layer as a result of diffusion, after which 
the monomers are polymerised. 

Said method is based on known optically active layers of polymerised liquid crystalline material of chol- 
esteric order, as described in. inter aha. US 5.132.147 and US 4,410,570. In these known optically active layers, 
the pitch of the molecular helbc across the layer Is substantially constant The diffusion of the monomers in 
the optically active layer causes this layer to swell up slightly. This swelling leads to an increase of the pitch 
of the molecular helix. Said increase causes the reflection wavelength values to augment in situ. Consequently, 
the provision of a concentration gradient of monomer across the thfckness of the optically active layer results 
in a variation of the pitch of the molecular helbc. As a result, a broadband chdesteric polariser is obtained. 

Due to the polymerization of the monomers the diffusion in the opticaily active layer is stopped. Further 
diffusion would eventually lead to a narrow-band polariser whose reflection wavelength exceeds that of the 
initial optically active layer. For the reacth^e monomers use can be made of molecules comprising nematogenic 
groups. However, this is not necessary. Since the diffusion causes an increase of the pitch of the molecular 
helix, the initial, optically active layers should have a reflection which corresponds to the smallest desired wa- 
velength. Consequently, for the manufacture of broadband pdarisers which must be operative in the entire 
visible range of the spectrum, use should be made of a chdesteric layer having a reflection band in the blue 
region of the visible spectrum. 

An interesting variant of the third method in accordance with the invention is characterized in that the film 
comprises a mixture of monomers having different diffusion rates in the layer. It has been found that the use 
of a single type of monomer does not always yield satisfactory results. This can be attributed to the formation 
of a sharp reflection peak. The use of two or more monomers having different diffusion rates causes the re- 
flection peaks to overlap. This results in a broadband behaviour of the polariser. 

Another interesting variant of the third method in accordance with the invention is characterized in t.^at at 
least a part of the monomers comprises two or more polymerisable groups. This measure yields a broadband, 
optically acirve layer of considerable strength. Polymerization of the monomers leads to a three-dimensional 
network. By virtue thereof, the possibility of further diffusion of these monomers after the polym.erization op- 
eration is further reduced. 

The invention further relates to a lighting device comprising a socket for an electric light source, a reflector 
and a chdesteric polarizer which is preferably provided with a quarter-wave plate. This device is characterized 
in that a chdesteric pdarizer in accordance with the invention is used therein. By means of such a lichiing 
device pdarized light can be produced with a high efficiency. If t.^.e polarizer comprises a quarter-wave'plate. 
the light produced is linearly polarized. Devices producing linearly pdarized light are particularly suitable for 
indoor applicat ions (for example office and shop lighting) and outdoor applications (for example car and street 
lighting). The ir yentlve device can also be used in liquid crystal displays. In linearly polarized ligh:. reflections 
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lgacure-651 (Ciba Geigy) and 50 ppm of p-methoxyphenol (stabilizer) and a quantity of a dye ar- added 
this mixture. The chemicai structure of this dye is shown in Fig. 3. This dye exhibits an absorption 'maximur^ 
around 334 nm and an extinction coefficent of 31524 1/mol.an. ' 

The mixture thus manufactured was then provided between two transparent substrates. Said substrates 
carried a layer of rubbed pdyimid . Said layers are used to orient the molecular helix which forms spcntane- 
ously in the cholesteric mbrture. To preclude the formation of disdinations both substrates were sheared over 
a small distance until a planar order was obtained. Subsequently, the reactive mixture was photopolymerized 
by means of UV-light for 8 minutes at room temperatufs. As one of the two reacth/e monomers comprises two 
reactive groups per molecule, a three-dimensional polymer network is formed during polymerization Due to 
the strength of the optical layer thus formed, the optical layer could be detached from both substrates and 
used as a self-supporting cholesteric polarizer. 

A number of the above-described polarizers was manufactured, the quantity of dye added being varied 
as well as the wavelength (X) and the incident power (lo) of the UV-lighL Subsequently, the bandwidth of this 
pdanzer was measured. Table 1 shows the bandwidth which corresponds to a certain quantity of dye added. 

TABLE I 



Dye concentration (wt%) 


Bandwith (nm) 


lo=0.62 mW/cmi 


lo=0.058 mW/cm2 


lo=0.15 mW/cmj 


0 


41 


41 


45 


0.33 


55 


133 


126 


0.66 


70 


255 


233 


1.0 


114 


261 . 


319 


2.0 


258 


380 


>400 


4.0 


316 


>400 




6.0 


362 







In the absence of a dye the bandwidth is less than 50 nm. When a dye is used the bandwidth increases 
rapidly, even to values in excess of 400 nm. The centre of the bandwidth is always at approximately 555 nm 
With this bandwidth and its position in the spectrum, substantially the entire visible portion of the spectrum 
is covered. Consequently, such a cholesteric polarizer can suitably be used as a broadband polarizer for the 
entire visible light spectrum. 

Fig. 4 shows a reflection spectrum of a polarizer in which the pitch is (a) constant and (b) in accordance 
with the first embodiment of the invention. TTie polarizers were exposed to circularly polarized light Spectrum 
(a) was obtained in the absence of a dye. The bandwidth of this spectrum is therefore only approximately 45 
nm. Spectrum (b) was obtained by usirig a dye during the polymerization process. The bandwidth of t.'-.is filter 
IS approximately 230 nm. 



TABLE II 



wt% dye 


bandwith (nm) 


0.00 


37 


0.13 


68 


0.17 


82 


0.26 


109 


0.41 


168 


0.58 


308 


0.71 


326 
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Table If shows the bandwidths of a number of other cholesteric polarizers in accordanco with the invention. 
Instead of the above-mentioned dye. the azo-dye SI^8 (Mitsui Toatsu Dyes Ltd) was added In certain con- 
centrations for the manufacture of these polarizers. Said dye has an absorption maximum around 400 nm. In 
this case, the reactive mixture was polymerized with a UV-source (365 nm) having an inddent power of 5 
mW/cm^ for 8 minutes. Table II also shows that the bandwidth increases with the quantity of dye. 

Fig. 5 shows the change of the pitch as a function of the distance from one surface of an 18 miaometer 
thick polarizer to the other surface. This Figure was obtained by means of SEM photographs taken at the frac- 
ture face of cross-sections of this polarizer. The polarizer contained 0.72 wt % of the above-mentioned azo- 
dye. The reflection band of the polarizer was approximately 350 to 800 nnv Due to the absorptwn band of the 
dye in the range in which the polarizer can be operated, said polarizer exhibited undeslred absorptfons around 
400 nm. 

Fig. l-b shows a second embodiment of a polanser in accordance with the inventton. Said polarizer com- 
prises a substrate 11 carrying an optically active layer 14, Said substrata 11 is composed of a first stretched 
synthetic resin film 12 of polypropylene and a second stretched synthetic resin film 13 of polycartxsnate. The 
directions of stretching of both films extend substantially transversely to each other. The degree of stretching 
of both films was selected in such a manner that at a wavelength of 590 nm, the optical retardation of the 
polypropylene film is 518 nm, while the optical retardation of polycarbonate in these condittons is 370 nm. Due 
to said chokre of the conditions, the difference in dispersion between both films causes the optical retardation 
of the crossed films to be substantially equal to 0.25 times the wavelength over the entire wavelength range 
of from 400-700 nm. 

A cholesteric polarizer in accordance with the second embodiment was manufactured as follows. The com- 
posite substrate described in the preceding paragraph was provided, by means of a doctor's blade, with a thin 
layer (layer thickness 20 micrometers) of a mixture of reactive nwnomers. A number of comparative experi- 
ments showed that this layer could alternatively be provided by screen printing. The mixture contained both 
chiral and nematogenic monomers. Said two types of monomers had a different reactivity. TTie composition 
of the monomer mixture was as follows: 58.8 wL % of component A, 39.2 wt % of component B, 1 wt % of 
the dye in accordance with Fig. 3, 1 wt % of Igacure 651 (Ciba Geigy) and 100 ppm of p-methoxy phenol. After 
the layer had been provided, it was polymersied by means of an UV source (365 nm) to which the layer was 
exposed at 100 and a radiation intensity ranging from 0.06 to 0.6 mW/cm^ for approximately 60 minutes. 
After the polymerization operation, the thickness of the optically adive layer was approximately 18 microme- 
ters. 

Fig. 6 shows a spectrum in which the transmission Tis plotted as a function of the wavelength of a chol- 
esteric polarizer in accordance with the second embodiment Line (a) denotes the transmission of p-polarized 
light while line (b) denotes the transmission of s-polarized light The bandwidth of the filter was approximately 
220 micrometers. It was found that the conversion from circularly polarized light to linearly polarized light was 
optim.al over the entire bandwidth. 

Fig. 1c shows a third embodiment of the polarizer in accordance with the invention. Said polarizer conv 
prises a substrate 21 of a stretched synthetic resin film. In the present case, polycarbonate was used. The 
degree of stretching of the film was selected in such a manner that the birefringence at room temperature was 
0.C029. The thickness of the substrate was 50 micrometers. With the substrate in question an optimum con- 
version of circularly polarized light into linearly polarized light was obtained at a wavelength of approximately 
580 r.m. This wavelength is situated in the centre of the reflection band of the broadband polarizer. 

An opticaily active layer 22 of liquid crystalline material of cholesteric order is present on the substrate. 
The thickness of layer 22 was 20 micrometers. Layer 22 carries a top layer 23 of polymer material. Said layer, 
which has a thickness of approximately 2 micrometers, serves as a protective layer of the optically active layer! 

Said third embodiment of the inventive broadband polarizer was manufactured as follows. An optically ac- 
tive layer of polymerised liquid crystalline material of cholesteric order was provided on the substrate. Tech- 
niques for applying such a layer are described in, intoraJis, US 5.132.147. In such a layer the molecular helix 
of the cholesteric material extends transversely to the layer. The pitch of said helix is substantiaJly constant 
A thin layer of a mixture of reactive monomers was provided on the optically active layer. In the present 
case, a mixture of three different monomers was used in a volume ratio of 1:1:1. For the monomers use was 
made cf butaneoiol diacrylate, octanediol acrylate and ethoxylated bisphenol-A diacrylate, A quantity of 4 wt. 
% of a phctoinitiator was added to the mixture. The monomers diffuse in th optically active layer at different 
rates. This results in the formation of a concentration gradient of monomers in the optically acth/e layer. This 
causes an Inc.nease cf the pitch, said increase being proporttonal to the monomer concentration at the location 
of the optically active layer. After a diffusion time of 10 minutes at 60 «C. the reactive mcnomers were poly- 
mensed to form a network by means of exposure to UV light at a wavelength of 365 nm. Said exposure look 
place at 60 °C and a radiation iniensWy of 0.5 mVV/cm^ for 5 minutes. This resulted in complete immobilisation 



. ? "^""^"^ stabiloalion of the concentration gradient Since the monorier mixture was not 
pletefy d.ffused .n .he opticaJly actrve layer in the pdymerization operation, aiso a polymen?^ too ?1 ""^ 
ness 2 micrometers) was formed on the optically artive layer ^^'y^^^ns^^toP layer (th.ck- 

of .h^'^' ^ '."""Tk^ °^ '"^ polarizer in which the transmission T is plotted as a f unc,.v, 

of the wavelength. The incident light was cirujiarly pdarized. Spectrum (a) shows tha LnZ^:!!- °" 

of the f.n.shed polarizer after the diffusion and polymerization of the monomers Further mfasui^r^^^^^^ 
TZ Jn^ 1 'T""" "^^^ '''' '"^ ""^'y was not opTi^TvTrte 

tTlTlT^ '^^^ inversion's not 

sfactory A better «nvers«n can be obtained by using a composite substrate comprising two strefc^ed s,t 

thetic res.n f.lms. the drections of stretching of both films extending substantially tLsversely to ea^'' 

.he n«r, " ' f ^3?"^ "'^ ^'^ ^ embodiment of the l^hting device in ac«rta^ J^ah' 
the present .nvent.on. SakJ lighting device comprises a box-shaped housing 1. for example of ^thet^J! „ 
one .nner surface of which is provided with a reflector of vapournJeposite^ aluminium In the hoLsi^ h.r ' 
are accommodated three fluorescent lamps3as the electric lightsourL: Said lamps aTe^^^^^ 
m corresponding sockets (not shown) via a threaded joint It is alternatively poss.-ble to use a nTander shanS 

fluorescenttubular lamp instead of separatefluorescentlamps.Thedevicea^comprisesap^^^ 

^^^^^ " ""'^'-^^^ - ^ - 

When the device shown in Rgure 8 is in operation, the three fluorescent lamps generate unpolarized Itah, 
Apartofth.snghtfallsdirecllyonpolarizer4whichalIov«passageofoneofthe<Jtho^^^^^^ 
componen s whereas the other, 'compatible', component is reflected. The reflected comZe^ 'is^^^l 
aZs 1'., "'V.r"''""'* ""^"^"^ °" refleclcr 2 and reflected in the direction of th^Xzerw ^ 
aHows passage of th« -.ncompatible- component which is then converted into linearly polarized l^ht^^^^^^ 

rhrb^c^^^jr:^^^^^^ 

Figure 9 is a diagrammatic sectional view of another embodiment of the inventive device. Said device com- 
pnses a par3tx,l.c self-supporting reflector 1 of aluminium. Said reflector comprises a socket 2 for an2e«^ 
jgh source wh.ch .n th« case, consists of a detachable halogen lamp 3. The de.ce f urther ^rnpris^ a r^ 
flecfve polarrzer 4 having a quarter-wave plate 5. The inventive device operates essentially in^Tsane man 
ner as the dev,ce of the foregoing embodiment TT,e embodiment shown in Figure 9 can partia^farlv su^^^^^^ 
be used for car lighting or studio lighting. "cuioriy suitawy 



Claims 
1. 



2. 



5. 



Acholes^encpolanzerccmprising an optically adivelayerofapolymermaterialhavi^ 
he matena be.ng oriented in such a manner that the axis of the molecular helix extends transverse^lo 
he layer, charactenzed in that the pitch of the molecular helix in the layer is vaned in such a manner hl° 
the difference between the maximum pitch and the minimum pitch is at least 100 nm. 

A cholesteric polarizer as daimed in C.'aim 1. characterized in that the pitch of the molecular helix increas- 
"eThr "LTt^eT^ ' """"^ °- °^ - '^-r to a maximum v^e" 

dime?s"~^^^ 

A cholesteric polarizer as daimed in Claim 1 . 2 or 3. characterized in that the opt ically active layer is -res- 

fT^Te.^: se"^^ r^'^' ^'T"' '''^^^ ^'^^^^'^ lhicl4\Tof he 

t e waTe^nc^h oT^h^ ' TT^T^' approximately 0.25 times 
. tne wavelength of the band reflected during operation of the polarizer. 

A cholesteric polarizer as daimed in Claim 1 . 2 cr 3. characterized in that the opt ically active layer is pres- 

"gof^ortHrel'^^'"'^^^ 

1 ? . ' S"bstant:ally transversely to each other and the degree of stretching cf both 

nett retardat-on of the substrate is substantially equal to 0.25 times the wavelength over a substantial 
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portion of the reflected band of the polarizer. 

6. A method of manufacturing a cholesteric polarizer as dalnied in any one of the preceding Qalms rf,»r 
actenzed in that a mixture of chiral and nematogenic monomers, each having a different reactivitv is b^' 
v.ded .n the form of a layer between two paiaOel substrates, after which actinic radiation is applied In at 
cordance w.th a radiation profile whos intensity varies over the layer, so that the mature is polymeri^ 
to an optically active layer of polymer material having a cholesteric order, whereafter, if desired the si^ 
strates are removed from the optically active layer. * 

7. A method of manufacturing a cholesteric polarizer as daimed in any one of the Claims 1-5 characterized 
.n that a mtxture of diiral and nematogenic monomers, each having a different reacthrfty.'is previded on 
a substrete ,n the form of a layer, after which actinic rediatlon is applied In accordanor;ith a redS.^^^ 
profile whose mtensrty varies over the layer, so that the mixture te polymerised to an opticafly acthre laier 
of polymer matenal having a cholesteric order, whereafter. If desired, the substrate Is rem«ied fromTe 
optically actrve layer. ^ ""^ 

8. A method as daimed in Qalm 6 or 7. characterized in that the number of reactive groups of the chiral 
monomer differs from that of the nematogenic monomer. "lecniraj 

9. A method as daimed In Qalm 6.7 or 8. charaderized in that the mixture also comprises a dye havina an 
atton'Jied "^""""^ wavelength corresponds substantially to the wavelength of the actinic red" 

10. A method of manufacturing a cholesteric polarizer as daimed in anyone of the Claims 1-5.characterized 
in that a surface of an optically active layer of polymerised liquid crystafline material having a cholesteric 
order is prov^ed with a film of reactive monomers which cause a concentration gradient in the layer « 
a result of diffusion, after whidi the monomers are polymerised. eni in tne layer as 

11. A rnethod as daimed in Claim 10. diaraderized in that the film comprises a mixture of monomers having 
different diffusion rates in the layer. <««*ving 

12. A method as daimed in Cairn 10 or 11. charaderized in that at least a part of the monomers comprises 
two or more polymerisable groups. winpnses 

1 3. A lighting device comprising a sodcet for an electric light source, a reflector and a cholesteric polarizer 
aaTl'VsTu'sed ' """''"^'^^^ P'^'*' '=^^ractenzed in that a polarizer as daVmed in . 
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